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Outline 
•  Optimization objectives in terms of real power 
•  Limits to optimization: grid power delivery 

(``congestion”)  
•  Congestion dependent on: 

– Hardware  limits (thermal, voltage; control) 
 --Systems limits (solution existence and stability) 

•  Implications of modeling/analysis/optimization 
assumptions on reliable and efficient congestion 
management 
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Main objectives of this talk 
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•  Inter-dependence of: 1) modeling assumptions; 2) analysis 
tools and 3) optimization tools.  

•  Optimization critical for finding physical solutions  
 -Smart grid offers new control means (injections; voltage; 
reactances; flows; thermal limit adjustments) 

 -System limits result of optimization, not an input to the 
problem 

 -Relevance of performance objective in large systems  

•  Need new methods for finding combinations of 
control actions to 

 - ensure feasible delivery 
 -prioritize most effective combinations of  control actions 



Hardware and systems constraints 
•  Hard to differentiate between: 1) non-existence 

of a physical solution; and 2) limitations of a 
numerical method used.  

•  Def: Physical solution a (dynamically) 
stable solution within the hardware limits 

•  ***Beyond thermal limits*** 
 -Explicit differentiation between the hardware and systems 
limits must be made 

  -Hardware constraints--to ensure safe utilization of equipment  
 -Real power line flow constraints currently used as proxy 
limits to reflect systems operating problems. This needs fixing. 
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Modeling and tools used 
•  Modeling assumptions 

 -load (impedance; current; real power/ power factor; real 
power/reactive power ratio) 

 -system is dynamically stable when scheduling 
 -numerical stability of the power flow analysis/static 
optimization the same as existence of a physically 
meaningful solution 

•  Analysis tools (DC power flow vs. AC power flow) 

•  Optimization tools (DC OPF vs. AC OPF) 
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The case of a two-node system 
Objective: Understand existence of  solution [1]  
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Effect of numerical tools used  
–  DC power flow will give solution 2  for angle; 
–  AC power flow solution sensitive to initial conditions/method 

used (homotopy[6]; NR; optimization) 

•  Unstable 
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Unstable=numerically unstable; J matrix has negative eigenvalues  



Findings for larger systems 
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Some preliminary conclusions 
•  DC(O)PF--finds a solution but fails to balance reactive 

power and/or observe voltage/reactive power hardware 
limits 

•  NR numerical stability (based on Jacobian) not an indicator 
of physical solution existence; Jacobian is not an indicator 
of small signal stability either;  controllers using dynamic 
models need to be used to ensure (dynamic) stability of the 
solution 

•  Sufficient conditions for NR to converge should not be used 
interchangeably for assessing whether the solution exists 
and/or is physically stable; For answering the question 
regarding which  is ``physical solution” , see [3,Chapter 7] 
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Analysis tools—global maximum in two 
node system 

•  Effect of modeling assumptions [2], [3, pp.278-283]  

–  Impedance load model (maximum power transfer)-
generally high voltage [4] 

– Real power/reactive power [2,3] 
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•  Global maximum  at 

All copyrights reserved 



Global maximum power 
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•  High voltage problem; power factor low 
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Need for optimizing reactive power/voltage 
•  Impossible to find global optimum by running 

different scenarios even in the two-node system. 
To enhance efficiency (maximum power transfer) it is essential to 
run: 1) AC OPF instead of 2) DC OPF combined with AC power 
flow analysis.  

•  Non-feasible solution can be made feasible by 
optimizing  injections, voltages, flows, reactances 
(smart grid) 

•  ***When feasible solution does not exist within 
the limits run families of optimization to find a 
feasible solution; impossible to do by analysis 

All copyrights reserved 



Open questions-Choice of decision variables 
•   Injections; voltages; flows; network 

parameters??? 
•  Reactance control particularly interesting 
•  For direct power flow control 

 -in two node systems has an easy interpretation of maximum 
power transfer; 

 -large systems require completely new formulations: (1) new 
power flow solvers, including distributed power flow 
calculator [7]; (2) distributed power flow solution as an 
optimization problem, with reactance adjustments [10] 
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Reactance control for ensuring feasible delivery 
[7]-[10] 
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Already feasible solutions 
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For reference:        θ1 = 0 (slack bus), 
δ1 = θ1 – θ2 ,      δ2 = θ2 – θ3 ,      δ3 = θ3 – θ1  



Optimization w.r.t. flows gives the same answer 
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Controlling NR non-convergent power flow 
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Ensuring feasibility by optimizing injections 



Feasible solutions with line reactance adjustments 
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(adjusted line reactances) 



Relevance for general systems- 
Optimizations objectives considered 

•  (1) points-to-points transfer optimizations; 
•   (2) optimizations designed to maximize interface 

flows;  
•  (3) loadability optimizations as an alternative to both 

interface studies; 
•   (4) economic dispatch, and 
•  (5) loss minimization 

•  **In two bus system under certain assumptions (1)-(5) 
are the same objectives; not true   in general*** 
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Conflicting optimization objectives [5] 
•  Objectives (1)-(5) often conflict and are best served 

with control dispatches specific to each objective 
•  For example, the greatest possible large power 

transfer from Canada to NYC does not result in the 
maximum possible flow across many of the 
interfaces along the way.  

•   Similarly, economic dispatch does not result in the 
stress of any single interface over another. 

•  Interface flows should not be a goal in itself.  
•   Instead, the objectives should be targeted toward 

enabling system-wide objectives such as reliable 
generation cost minimization and/or maximization of 
power delivered to the large load centers.    All copyrights reserved 



Combinatorial aspects of control solutions  
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Conflicting optimization objectives 
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Maximizing Loadability 

•  As an alternative to interface flow optimizations, 
it is of interest to determine how much real power 
can be transferred from one region to another 
through the NYCA bulk transmission system 
independent of concerns over individual 
interfaces.   

•  As an example, the loadability optimization 
considered here seeks to maximize the load 
served in NYISO Areas 9, 10 and 11 (Dunwoodie, 
NY City and Long Island) using additional power 
generated in IESO and HQ.  
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Load Increase in NYC 

Base load  
= 19213 MW 

Lake Erie 
loop flow 
increased by 
ignoring 
voltage 
constraints 
outside 
NYCA 
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Potential for economic dispatch savings 

All copyrights reserved 



All copyrights reserved 



Potential Economic Dispatch Benefits 
 from Corrective Actions  

•  It is shown  that contingencies, when supported by 
corrective T&D equipment and generation voltage dispatch, 
can often be managed well without any additional reserve 
requirements; there is enough capacity on the system [5].  

•   The bigger problem is enabling delivery of power to the 
right place.  Currently, during normal conditions, the 
dispatch of additional expensive and/or polluting generation 
is required up front to reliably prepare for contingencies.   

•  It would be more efficient to use a corrective approach to 
managing non-time critical contingencies, and the indirect 
savings from moving to the corrective approach would 
reduce the currently required reserves by 10-15%.  This 
cumulatively leads to major efficiency improvements during 
normal conditions.   

•  DC OPF with AC power flow (PV curve)  suboptimal  
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Effects of optimization on markets- 
Load Charge Differences 
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Generation Profit Differences 

All copyrights reserved 



Merchandise Surplus Differences 
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Critical role of optimization 
•  Optimization with respect to many available 

decision variable  very beneficial to minimizing 
cost and  serving greater loads all the time. 

•  Voltage constraints sometimes  hide thermal  
constraints until voltage is optimized (use of 
DLRs dependent on optimization used) 

•  Multiple optimization are useful in managing  
resources; still, maximizing import into large 
loads and minimizing generation cost the key 

•   Good software gives priorities as part of its 
output All copyrights reserved 



Importance of voltage optimization 

•  Many resources (generators, FACTS, 
transformers, shunts) can control voltage 
requiring AC OPF for their optimization 

•  Without voltage optimization some  assets can not 
be utilized up to their thermal limits 

•  Voltage optimization enables serving a greater 
number of users at a  lower cost and with  less 
pollution without adding more assets, all the time. 

•  Market design needed to support voltage 
optimization at value 
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Conclusions 
•  Based on our findings and the availability of the robust 

NETSSWorks software used throughout the NYSERDA  
study [5], we recommend that the most effective dispatch of 
controllable T&D and generation equipment be implemented.  

•  This would ensure that the system remains within its hardware 
constraints as conditions vary.  One must screen for voltage 
excursions at all buses as well as for thermal limits of all lines.  

•   Without this, the result could be an unreliable system.  
Critical contingencies should not be inputs, but rather outputs 
of optimization tools which continuously attempt to find the 
best adjustments to keep the system within the hardware 
constraints (ensured reliability) while attempting an efficient 
(inexpensive and clean) utilization of available resources.  

•   This way, one could begin to manage reliability and 
efficiency in a coordinated way.  All copyrights reserved 
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